ABSTRACT
INTRODUCTION
Sustainability is the important issue in the current world. The fundamental idea of sustainability was proposed by R. Backminster Fuller in Operating Manual for Spaceship Earth [1] . He proposed the concept that Earth is similar to a spaceship flying through space. The spaceship has a finite amount of resources and the resources cannot be resupplied. More recently, Brundtland Commission proposed the concept of sustainable development in 1987. It contains two key concepts; "needs" and "limited resources" in developing countries. After that, the concept of sustainable production emerged at the United Nations Conference on Environment and Development in 1992. The conference concluded that especially in industrialized countries, the major cause for the continued deterioration of the global environment is the unsustainable pattern of consumption and production. Fig. 1 shows a conceptual illustration of a human society. The energy injection and substantial inflow/outflow are mandatory in order to maintain our society. Human resources and social organizations should be resupplied from the next generation to maintain our socio-economic systems. Therefore, sustainability of our society may be classified into several categories: Energy sustainability, substantial sustainability, food sustaintability, economic sustainability, social sustainability, and so forth. Veleva and Ellenbecker proposed framework and methodology to measure sustainability [2, 3] . Their framework is based on six main aspects of sustainable production:
• energy and material use (resources)
• natural environment (sinks)
• social justice and community development
• economic performance
• workers
• products
To implement their framework in actual situations, we need data on human activities. Information and Communications Technology (ICT) is expected to contribute for constructing sustainable society for the next generation. In principle, ICT enables us to communicate with one another via computer networks. In the computer network, large amounts of data on human activities can be accumulated. These circumstances prepare emergence of data-centric social sciences at this time. This has also a potential for reconstructing our social structure from data.
Our society consists of six billion individuals and various types of mechanical and electrical equipments. Each element has the associated geometric information, several properties and states. According to M.F. Goodchild [4] , every human is able to act as an intelligent sensor, and in that sense, the earth's surface is currently occupied by more than six billion sensors. We can extract information from an amount of data, construct knowledge from lots of information, and hopefully establish wisdom from several pieces of knowledge. Specifically, researchers in the fields of sociology, economics, informatics, and physics are focusing on these frontiers and have launched data-centric social sciences in order to understand the complexity of socio-economic systems. D. Weinberger suggests a potential and a limitation of bigdata to predict and understand our society [5] . He focuses on an European large-scale research project called FuturICT (http://www.futurict.eu). In this big research project, large-scale sensor networks, data analysis platforms, and computer simulation environments will be constructed. Data-centric investigation in socio-econotechno-environmental sciences will be established. This project is expected to provide us with technological, scientific, and commercial outcomes to our society. Measuring properties and states of social elements provides large amounts of data on socio-economic activities. The number of elements consisting of our society is enormous and information generated from our society exceeds our individual's cognitive capacity. In fact, it is difficult to grapes states of our social environment, thus it is necessary to understand state of our society from more precisely and accurately in order to construct sustainable community. In this article, we focus on data on electrical power consumption as energy consumption. The energy production and consumption is one of useful quantities to measure socio-economic activity. The socio-economic systems are constructed by many mechanical and electronic equipments driven by electricity or oils. Therefore, it is reasonable to infer that socio-economic activities are proportional to gross energy consumption in a society. The relationship between annual energy consumption and annual gross domestic product (GDP) has been largely studied in the context of designing efficient energy conservation policies. The pioneering study by Kraft and Kraft [6] reported that causality runs from GNP to energy consumption using data on gross energy inputs and gross national product (GNP) for the USA. More recently Narayan et al. study Granger causality between electricity consumption and real GDP for 93 countries [7] . They reported that in the six most industrialized nations increasing electricity consumption may reduce GDP. However, a relationship of individual activities between electrical power consumption and economic productivity is not clarified. One of aims in this article is to elucidate the relationship between electrical power consumption per capita and GDP per capita. Another aim in this article is to show data inconsistency among organizations which report energy statistics. We further propose the necessity of data management to understand our social states more accurately. To construct rigorous database of socio-economic systems, we need to consider both rules of data collection and roles of organizations. This article is organized as follows. In Sec. 2 we show the relationship between annual electrical power consumption per capita and GDP per capita. Sec. 3 shows an example of the data inconsistency in energy consumption among organizations reporting energy statistics. In Sec. 4 we propose the data integrity for electric power and an authentication of real unified data. Sec. 5 is devoted to conclusions.
RELATIONSHIP BETWEEN ENERGY CONSUMPTION AND SOCIO-ECONOMIC ACTIVITY
Energy production and consumption are deeply related to human activities in our society. This fact can be partially confirmed from the relationship between annual electrical power consumption per capita and annual GDP per capita.
Relationship for 131 countries
The capita. From this graph, it is found that there is a monotonically increasing tendency of GDP per capita according to the annual electric power consumption per capita. This means that industrialized countries use annual electrical power more than developing countries. The annual electrical power consumption per capita and the GDP per capita show a positive correlation. We assume that the GDP per capita and the annual electrical power consumption per capita follows a power-law relation; log y = a log x + log C,
where y is denoted as the GDP per capita, x the annual electrical power consumption per capita. We obtain C = 7.6975 and a = 0.8808 with the least-squared method. 
Relationship for 47 prefectures in Japan
Furthermore, the annual electric power consumption data on each prefecture in Japan is available from the agency for natural resources and energy of Japanese 2 Japan consists of 47 prefectures; Hokkaido, Aomori, Iwate, Miyagi, Akita, Yamagata, Fukushima, Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo, Kanagawa, Niigata, Toyama, Ishikawa, Fukui, Yamanashi, Nagano, Gifu, Shizuoka, Aichi, Mie, Shiga, Kyoto, Osaka, Hyogo, Nara, Wakayama, Tottori, Simane, Okayama, Hiroshima, Yamaguchi, Tokushima, Kagawa, Ehime, Kochi, Fukuoka, Saga, Nagasaki, Kumamoto, Ohita, Miyazaki, Kagoshima, and Okinawa. Fig. 3 shows annual power consumption per capita for each prefecture. The annual power consumption per capita in Japan ranges from 3.1 MWh to 7.7 MWh. The highest consumption per capita is in Fukui, and the lowest is 3.1 in Nara. Fig. 4 shows GDP per capita for each prefecture. The GDP per capita in Japan ranges from 250 million JPY to 650 million JPY. The highest is in Tokyo, and the lowest is in Nara. Fig. 5 shows the double logarithmic plots between annual electric power consumption per capita and GDP per capita of each prefecture in Japan. In the case of Japan, the annual electrical power consumption per capita ranges from 3 MWh to 8 MWh. In fact, Tokyo is an outliers, but annual GDP per capita in other prefectures shows increasing tendency in terms of annual electrical power consumption per capita. This differences may be created from a difference of human behavior. Specifically, the situation of Tokyo is different from other prefectures. This is related to a mechanism of incomes by people in Tokyo. The number of headquarters of various kinds of organizations such as companies, institutions, e.t.c. in Tokyo is larger than other prefectures comparing with its electrical power consumption level. This implies that domestic productions in Tokyo are given by branches and factories located in other prefectures. However, a slope between the annual electrical power consumption per capita and GDP per capita is less than the international relationship shown in Fig. 2 . We also obtained C = 191.42 and a = 0.378 with the least squared method. The power law exponent a in the whole Japan is less than those in the whole world. 
EXAMPLE OF DATA INCONSISTENCY
According to data quality management model, six control dimensions of data quality are proposed; (1) completeness, (2) accuracy, (3) duplicates, (4) consistency, (5) integrity, and (6) conformity. The completeness is that key data items needed are defined in the data structure. The accuracy implies that the value is consistent with its standard definition. The duplicates mean that there is only one record in the tale for a key data. The consistency is that the data in different tables should be consistent with the rule. The conformity means that the data should follow the standard format.
We found that data inconsistency of energy statistics by several international organizations with the confidence. Tab. According to U.S. EIA , the annual electricity production of the United States of America is estimated as 3,950,331,600,000 kWh. UN reports that the annual electricity production of the United States of America in 2009 is 4,188,214 GWh. However, OECD factbook reports the annual electricity gen- It is apparent that the inconsistency in the annual electricity generation is owing to a lack of the coordination agency which is responsible for standardization and coordination about the annual electricity generation. Furthermore, frequency of updating the data is not so fast. Normally the data is delayed for one or two years.
TOWARDS POWER DATA INTEGRITY
In the case of Japan, Statistics Bureau of the Japanese Ministry of Internal Affairs and Communication collect macro data of Japan and share them in a website called E-stat. We suggest that we need the standard of macro data in socioeconomic systems and organize several international organizations of socio-economic data. Accurate data of electricity generation is the key ingredient for building smart community and society with ICT based smart grids for sustainable development. Thus, the data integrity for electric power and an authentication of real unified data (standardization of electric power) is vitally important. A simple solution for avoiding the inconsistency is to build an international institution which is responsible for data consistency (integrity) in electricity generation and their publications, which is comparable to building an international root certificate authority (CA) organization. However, it is not so practical and very hard to build a new agency. On the other hands, International Telecommunication Union (ITU) has already issued the recommendation for standardization about data integrity such as the trusted time source standardization ITU-R TF. 1876 [8] for time stamp authority by ITU-R which is important for data integrity. Furthermore, recent technologies on the smart grids have been intensively developed. Specifically, automated meter reading (AMR) and smart meters have been launched [9, 10] . ICT may assist automated matching of electrical power demand and supply. Such an automated matching system is called a central energy management system, which can be also useful to measure electrical power generation and consumption in real time. However, we need to carefully consider balancing consumer privacy concerns with novel applications of power data to our society [11] . To do so, we need several regulations for organizations handling power data. Furthermore, ITU-T Recommendation C. 2 [12] refers to collection and publication of official service information for service providers in the field of telecommunication. Since smart grid services are of an emerging field, it has not been defined as telecommunication service providers yet. However, the smart grid service uses telecommunication infrastructure in order to transmit power data and collect them for commercial purposes. We can define the smart grid service as one of telecommunication services. Thus, we will make them observe ITU-T Recommendation C. 2. Therefore, we propose that ITU plays a leading role for the standardization for establishing electric power data integrity with time stamping, which is the main conclusion of our paper.
CONCLUSION
We investigated the relationship between electrical power consumption per capita and GDP per capita for 131 countries using the data reported by Worldbank. It was found that an increasing tendency of electrical power consumption per capita in terms of the GDP per capita. The comparison analysis among countries showed that the relation can be fitted with the power-law function. Furthermore, we examined the same relationship for 47 prefectures in Japan. the comparison analysis among 47 prefectures in Japan showed an increasing tendency slower than comparison among 131 countries. This may indicate that the relationship between energy consumption and economic activities strongly depends on life style and social organization in each country. Moreover, the data inconsistency of international electricity production was found among EIA, UN, OECD, and Worldbank. We propose an electrical power data integrity issue and suggest a solution that ITU plays a leading role for the standardization for building power data integrity and authentication with the standard time stamping procedure which was already standardized as ITU-R TF.1876.
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